Of the numerous analyses of vibrations in rectangular, specially orthotropic' plates referenced in a recent survey paper by Leissa [ 1] , only eight considered fully clamped edges. Reference [2] is an additional analysis of this problem not referenced in [1] .
Vibrations of generally anisotropic plates have been analyzed by Waddoups and Ashton [3] [4] [5] . Using the Rayleigh-Ritz approach, their analyses were formulated to use the characteristic beam functions tabulated in [6] . However, they compared with experimental results only for the completely free and cantilever cases. Later they compared results for the fully clamped case [7] .
So far as arbitrarily laminated plates (including coupling) are concerned, References [8] and [9] considered layered isotropic material only. Stavsky [10] derived the differential equations, which included the coupling effect and anisotropic behavior, but did not obtain a solution for the coupled case. In his survey [1] , Leissa where the ~'s are modal functions and a and {3 denote the normalized arguments in the x and y directions, respectively, i.e. x/a and y/b.
Substituting Equations (7) (8) (9) and (10) [7] is the inertia matrix, and À = phW2.
This gives a 27 x 27 stiffness matrix. The inertia matrix is composed of three submatrices appearing on the diagonal only, with each submatrix being a 3 x 3 matrix.
Having the stiffness and inertia matrices formed, the analysis reduces to a standard eigenvalue problem. Since the Rayleigh-Ritz method was used, the stiffness and inertia matrices are both symmetric. Therefore, the eigenvalue problem is simplified somewhat and there are available computer subroutines to obtain the eigenvalues X.
APPLICATION TO FULLY CLAMPED PLATES
In applying the Rayleigh-Ritz method, the approximate modal shapes assumed must satisfy all of the kinematic boundary conditions. For a plate having all of its edges clamped, the boundary conditions are all kinematic and can be expressed mathematically as follows:
The approximate assumed modal functions selected to permit (10) to satisfy (14) are as follows:
where Kn, K. are clamped-beam function coefficients tabulated in [6] .
The presence of the factor 2 in the arguments of ~un, ~u~, ~bv~, ~vm needs some explanation. If this factor had been omitted, there would be net in-plane motion of the center of the plate for all odd values of n and m. Such motion would not be consistent with the symmetry of the normaldeflection modal shape and the boundary conditions; thus, the factor of 2 was used to eliminate the inconsistency. In [13] , the factor of 2 was omitted, and it was found that the differences between the results obtained there and the present results were negligible.
NUMERICAL RESULTS
A computer program was written in FORTRAN IV language to solve (13) using modal functions (15) . The program is documented in [13] .
Computations were carried out on an IBM System 360, Series 40 computer for a series of rectangular plates clamped to dimensions a = 9 in. and b = 6 in. and laminated of glass-fiber-reinforced plastic (GFRP). The material properties used for each layer are listed in Table 1 . The calcu- [14] . The resonant frequencies listed in Table 2 were determined by extrapolating the experimental frequency versus amplitude curves to zero amplitude.
It is noted that the agreement between the present calculations and the experimental results was quite good for the lowest mode (n =1, m=1) but only fair for the third longitudinal mode (n = 3, m =1). It was somewhat surprising that the calculated results were generally lower than the experimental ones, since the Rayleigh-Ritz method should give an upper bound. Also transverse shear flexibility, interlaminar shear flexibility, and rotatory inertia have all been neglected in the analysis and they would all tend to lower the frequency. However, it is believed that the discrepancy can be attributed to the low value estimated for the shear modulus and used in the calculations.
The plates used in the experiments exhibited some initial curvature of the cylindrical type (i.e. zero Gaussian curvature). However, in all cases, the initial curvatures were uniform, i.e. they had a constant radius of curvature. This would be expected, since this curvature was undoubtedly temperature induced. To investigate analytically the effect of the uniformly-distributed initial bending stresses (induced by flattening the plates in the clamping fixture) on the natural frequencies, this effect was added to the Rayleigh-Ritz analysis using the same clamped-clamped beam functions as in the analysis already described. It was found that under these conditions (fully clamped edges), the initial curvature had no effect on the natural frequencies. It [6] L&dquo; Superscripts (k) = kth layer.
